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Abstract
Extraction of oil from the seed of Blighia unijugata gave a yield of 50.82 ± 1.20% using hexane in a soxhlet
extractor. The iodine and saponification values were 67.60 ± 0.80 g iodine/100 g and 239.20 ± 1.00 mg KOH/g
respectively with C18:1 being the dominant fatty acid. Unsaturated methyl esters of Blighia unijugata which had
been previously subjected to urea adduct complexation was used to synthesize methyl 9, 10-
dihydroxyoctadecanoate via hydroxylation in the presence of cetyltrimethylammonium permanganate (CTAP). The
reaction was monitored and confirmed using FTIR and GC-MS. This study has revealed that oxidation reaction of
mono unsaturated bonds using CTAP could be achieved under solvent free condition.
Introduction
The replacement of petrochemicals by oleochemical
feedstocks in many industrial and domestic applications
as resulted in increase in demand for bio-based products
and as such recognizing and increasing the benefits of
using renewable materials. This has reduced the depen-
dence on imported petroleum and promoted the sus-
tainable agricultural initiative. Vegetable oils are one of
the most versatile renewable substrates and can be con-
verted into several products [1-3]. The use of lesser
known seed oils is of great benefit in this regards, exam-
ple of such lesser known underutilized seed oil is that of
Blighia unijugata.
Blighia unijugata is a tree planted as shade tree in
Nigeria. It is of attractive appearance especially when in
fruit which are red or pinkish yellow. The wood is used
for buildings; it is also recognized for its sedative and
analgesic properties in treatment of rheumatism [4].
Presently, the seed oil has no specific use in Nigeria as
the seeds are discarded as waste.
Natural polyols can be obtained by chemical modifica-
tion of the vegetable oils introducing hydroxyl groups in
an unsaturated triglyceride by hydroxylation of carbon-
carbon double bonds and/or by alcoholysis of the
triglyceride to obtain mainly a monoglyceride [3,5].
Vegetable oil contains mixture of different unsaturated
and saturated fatty acids in varying amounts; these have
different applications, though, there is little or scanty
report on their isolation.
Urea complexation reaction is a well-established tech-
nique for elimination of saturated and monounsaturated
fatty acids [6-9]. Urea complexation has the advantage
that complexed crystals are extremely stable, and filtra-
tion does not necessarily have to be carried out at the
very low temperatures which solvent crystallization of
fatty acids would require. This method is also favorable
because complexation depends upon the configuration
of the fatty acid moieties due to the presence of multiple
double bonds, rather than pure physical properties such
as melting point or solubility [10]. The saturated and
monounsaturated fatty acids easily complex with urea
and crystallize out on cooling and may subsequently be
removed by filtration. The liquid or non-urea complexed
fraction is enriched with unsaturated fatty acids.
The fundamentally attractive concept of green Chem-
istry is solvent free reactions. Solvent-free reactions are
an interesting alternative approach, mainly when these
conditions eliminate the use of a solid support or sol-
vent from the reaction [11]. A dry solid-phase reaction
is solvent-free, also a reaction where there is liquid pre-
sence, but not acting as a solvent (i.e. nothing is dis-
solved in it) is also solvent-free” [12]. The economic
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benefits of green Chemistry are central drivers in its
advancement. Industry is adopting green Chemistry
methodologies because they improve the corporate bot-
tom line. A wide array of operating costs is decreased
through the use of green Chemistry. When less waste is
generated, environmental compliance casts go down and
when waste is eliminated treatment and disposal
become unnecessary. Decreased solvent usage and fewer
processing steps lessen the material and energy costs of
manufacturing and increase material efficiency.
Permanganate, an important oxidant in many organic
and inorganic redox reactions, involves the Mn (VII)
entity, which is renowned for its versatility. The per-
manganate oxidation process is eco-friendly and has
gained importance in green Chemistry. Cetyltrimethy-
lammonium permanganate (CTAP) possess a long
hydrocarbon chain that can draw substrate close to
MnO4
- ion in a micelle-like aggregation, thereby
enabling reactant molecules to efficiently interact with
oxidizing ion even if a homogenizing solvent is not pre-
sent. This attribute pointed our attention to the hydro-
xylation of olefin bonds in the unsaturated methyl esters
from seed oil of Blighia unijugata with cetyltrimethy-
lammonium permanganate. In the present study, the
seed oil of Blighia unijugata was chemically character-
ized, the unsaturation of the methyl ester was increased
using urea adduct complexation reaction and 9,10-dihy-
droxyoctadecanoate was synthesized from the unsatu-
rated methyl esters using cetyltrimethylammonium
permanganate.
Materials and method
Extraction and chemical analysis of the seed oil of Blighia
unijugata
The dried seeds of Blighia unijugata were extracted with
n-hexane for 10 hr using soxhlet extractor [13]. The oil
was analyzed for iodine, saponification and free fatty
acid content by method described by the Association of
Official Analytical Chemist [14].
Fatty acid composition of Blighia unijugata
Fatty acid methyl esters of the oil were prepared by
refluxing the sample at 70°C for 3 h in 2% sulphuric
acid in methanol. The esters were extracted into ethyl
acetate, washed free of acid and passed over anhydrous
sodium sulphate. The ethyl acetate extracts were further
concentrated using a rotary evaporator. The fatty acid
composition was analyzed using an Agilent 6890 N ser-
ies gas chromatography equipped with FID detector on
a split injector. A fused silica capillary column (DB-225,
30 × 0.32 m i.d., J & W Scientifics, USA) was used with
the injector and detector temperature maintained at
230°C and 250°C respectively. The oven temperature
was programmed at 160°C for 2 min and finally
increased to 230°C at 4°C/min. The carrier gas was
nitrogen at a flow rate of 1.5 mL/min. The area percen-
tages were recorded with a standard Chemstation Data
System.
Urea adduct complexation reaction of Blighia unijugata
methyl esters
Fatty acid methyl esters for the urea adduct complexa-
tion reaction were prepared by refluxing the oil at 70°C
for 3 h in 1% KOH in methanol. The esters were
extracted into ethyl acetate, washed free of acid and
passed over anhydrous sodium sulphate. The ethyl acet-
ate extracts were further concentrated using a rotary
evaporator. Methyl esters (100 g) were dissolved in
methanol (1000 ml) to which urea (200 g) had been
added. The mixture was warmed with stirring until the
whole mixture turned into a clear homogeneous solu-
tion [15]. The solution was allowed to cool to room
temperature and kept refrigerated at 5°C for 8 h. Crys-
tals were removed by filtering through a Buchner funnel
to remove the urea complexes, which were washed
twice with 25 ml of methanol saturated with urea. The
filtrate which is rich in unsaturated methyl esters was
poured into 1% hydrochloric acid (600 ml) and extracted
alternatively with hexane and diethyl ether. The com-
bined organic layers were washed with water twice (50
ml) and passed over anhydrous sodium sulphate and
later concentrated using a rotary evaporator. This reac-
tion was repeated changing the ratio of fatty acid methyl
esters to urea from 1:2 to 2:1 in order to further
increase the unsaturation of the methyl esters. The
resulting methyl esters (BME) were then taken for the
determination of the constituent fatty acids using a GC
as described above.
Preparation of cetyltrimethylammonium permanganate
This was achieved by introducing a solution of 27.0
mmol of KMnO4 (4.25 g in 25 ml distilled water) into a
250 ml two-necked round bottom flask in a water bath
maintained at 8°C. After about 15 min, solution of 25.0
mmol of cetyltrimethylammonium bromide (9.10 g in
50 ml dichloromethane) was added into the flask and
stirred for 4 h. The organic layer was separated and the
solvent recovered under reduced pressure with the crys-
talline cetyltrimethylammonium permanganate (purple
coloured) precipitating out before the complete recovery
of the solvent; it was filtered, washed with distilled
water and ether and dried over P2O5 under vacuum.
Dihydroxylation of BME using cetyltrimethylammonium
permanganate
The dihydroxylation was carried out in a clamped three
necked round bottom flask equipped with a thermo-
meter and a stirrer in a thermo-regulated water bath.
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About 2.10 g (5.2 mmol) of cetyltrimethylammonium
permanganate with five drops of distilled water was
introduced into the flask. About 5.0 mmol of BME was
slowly added drop wise while stirring the mixture. The
mixture was stirred for 1 h and extracted three times
with 50 ml portion of ether; this was later washed with
saturated solution of NaCl, dried over Na2SO4 and con-
centrated on a rotary evaporator.
Isolation of methyl 9, 10-dihydroxyoctadecanoate
The final product was separated on a 1 g scale by silica
gel column chromatography using a glass column 20 cm
× 2 cm OD packed with 30 g activated silica gel (60-120
mesh). Hydrocarbons and other non-polar compounds
were eluted with petroleum ether (boiling point, 60-80°
C). The methyl 9, 10-dihydroxyoctadecanoate were
eluted using a mixture of petroleum ether - diethyl
ether (40:60 v/v). The fractions were screened by TLC
for the identification of the compounds isolated. The
eluted spots were identified using iodine vapors.
Trimethylsilylation derivatisation and GC-MS analysis of
methyl 9, 10-dihydroxyoctadecanoate
The isolated methyl 9,10-dihydroxyoctadecanoate was
derivatised and identified by GC-MS analysis using Agi-
lent (Palo Alto, USA) 6890 N gas chromatography
equipped with an HP-1 MS capillary column connected
to an Agilent 5973 mass spectrometer operating in the EI
mode (70 ev; m/z 50-550; source temperature 230°C and
quadruple temperature 150°C). Methyl 9,10-dihydroxyoc-
tadecanoate was silylated using N, O-Bis(trimethylsilyl)
trifluoroacetamide; about 13 μl/mg of N, O-Bis(tri-
methylsilyl)trifluoroacetamide was added to methyl 9,10-
dihydroxyoctadecanoate, kept at 75°C for 60 min and
thoroughly shaken. The final product was extracted in
ethyl acetate and concentrated using a rotary evaporator.
Structural assignments were made based on interpreta-
tion of mass spectrometric fragmentation and confirma-
tion by comparison of retention time as well as
fragmentation pattern of authentic compounds and the
spectral data obtained from the Wiley and NIST libraries.
Fourier Transform Infrared (FTIR)
The FTIR spectra of the methyl esters and hydroxylated
methyl esters were recorded using a Perkin Elmer FTIR
system spectrum BX LR64912C. The samples were
spread over NaCl cells, and their spectra were recorded
in the range of 4000-400 cm-1.
Results and discussion
Chemical characterization and fatty acid composition of
the seed oil of Blighia unijugata
The result of the chemical characterization of Blighia uniju-
gata is presented in Table 1. The oil yield from the seed of
Blighia unijugata was found to be 50.82 ± 1.20%. The
iodine value and saponification were found to be 67.60 ±
0.80 g iodine/100 g and 239.20 ± 1.00 mg KOH/g respec-
tively. These values are different from what was initially
reported [16] which might be due to the presence of impu-
rities or solvent contamination in the previously analyzed
samples. The fatty acid composition is shown in Table 2.
The dominant fatty acid was found to be C18:1 (48.1 ±
0.50%) while the least present was found to be C14:0 (0.2 ±
0.10%). C16:0 was 34.5 ± 0.20% while C18:0 was 14.1 ±
0.10% with a total unsaturation of 50.4 ± 0.20%. These data
are available with the online version of this paper. Addi-
tional file 1 describes the characterization and fatty acid
composition of the seed oil of Blighia unijugata.
Urea adduct complexation reaction of Blighia unijugata
methyl esters
The urea adduct complexation reaction was carried out
so as to increase the unsaturation of Blighia unijugata
methyl esters. This increase in unsaturation allows the
introduction of different functional groups in order to
improve on the possible applications of the seed oil of
Blighia unijugata. The effect of the complexation reac-
tion on the methyl esters of Blighia unijugata is shown
in Figure 1. After the complexation reaction C14:0,
C18:0, C20:0 and C24:0 fatty acids were totally removed
while the amounts of C16:0 saturated fatty acid was
reduced. C16:0 was reduced from 34.5 ± 0.20% to 4.73
± 0.10%. The unsaturation of the methyl esters was
increased from 50.4 ± 0.20% to 94.56 ± 0.20% with a
Table 1 Characterization of the oil of B.unijugata
Parameter B. unijugata
Oil yield (%) 50.82 ± 1.20
FFA (%) 7.00 ± 0.1
Iodine value (g iodine/100 g) 67.60 ± 0.80
Saponification value (mg KOH/g) 239.20 ± 1.00
Values are mean ± standard deviation of triplicate determinations.
Table 2 Fatty acid composition (wt %) of B.unijugata
Fatty acids B. unijugata
14:0 0.2 ± 0.10
16:0 34.5 ± 0.20
18:0 14.1 ± 0.10
18:1 48.1 ± 0.50
18:2 1.8 ± 0.30
18:3 0.3 ± 0.20
20:0 0.5 ± 0.10
20:1 0.2 ± 0.00
24:0 0.3 ± 0.10
Unsaturated 50.4 ± 0.20
Saturated 49.6 ± 0.10
Values are mean ± standard deviation of triplicate determinations.
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yield of 49.20 ± 0.20%. The amounts of C18:1 which was
found as the dominant fatty acid in the oil was increased
from 48.1 ± 0.50% to 88.75 ± 0.40%. This increase in
C18:1 and the fair percentage yield of 49.20 ± 0.20%
were the major indicators that led to the application of
the methyl esters of Blighia unijugata in the synthesis of
methyl 9, 10-dihydroxyoctadecanoate.
Dihydroxylation of BME using cetyltrimethylammonium
permanganate
The synthesis of methyl 9, 10-dihydroxyoctadecanoate was
achieved via dihydroxylation of the unsaturated methyl
esters (BME) after urea adduct complexation. The reaction
was monitored using TLC while the formation was con-
firmed using IR and GC-MS. The IR result if shown in
Figure 2. The spectrum of the oil showed a peak at 3006
cm-1 which was assigned to the vibrational frequency of
the C-H stretching of C = C-H present in the oil. The C =
O stretching frequency of ester functional groups was
found at 1743 cm-1. The peak at 2927 cm-1 and 2853 cm-1
may be accounted for to be due to the C-H stretching of
-CH3 and -CH2 respectively. The values 1458 cm
-1 and
1169 cm-1, could be attributed to the C-H bending fre-
quency of saturated alkane and C-O stretching frequency
of ester respectively. The spectrum of the hydroxylated
methyl esters has a peak at 3404 which accounts for the
presence of OH functional group. The peak at 3006 cm-1
which accounted for the presence of unsaturation in the
methyl esters totally disappeared after hydroxylation sug-
gesting the introduction of the OH functional into the
methyl esters at the unsaturated carbon atoms (Figure 3).
Isolation and GC-MS analysis of methyl 9, 10-
dihydroxyoctadecanoate
Pure methyl 9, 10-dihydroxyoctadecanoate was isolated
on a 1 g scale with a yield of 85.10 ± 0.70%. The result
Figure 1 Fatty acid composition before and after urea adduct complexation reaction.
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of the GC-MS is presented in Figure 4. The fragmenta-
tion pattern of the synthesized methyl 9, 10-dihydrox-
yoctadecanoate compared favorably with those of Wiley
and NIST library.
Conclusion
Oil was extracted from the seed of Blighia unijugata
using hexane in a soxhlet extractor. The iodine value
was 67.60 ± 0.80 g iodine/100 g while the saponification
Figure 2 FTIR of the methyl esters and hydroxylated unsaturated methyl esters.





-CH CH- + MnO3-
OH OH
Figure 3 Reaction scheme for the production of methyl 9, 10-dihydroxyoctadecanoate.
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value was 239.20 ± 1.00 mg KOH/g. The dominant fatty
acid was found to be C18:1. The unsaturation of the
methyl esters of Blighia unijugata was increased using
the urea adduct complexation reaction. Methyl 9, 10-
dihydroxyoctadecanoate was synthesized from the
methyl esters via hydroxylation using cetyltrimethylam-
monium permanganate. The reaction was monitored
and confirmed using FTIR and GC-MS. This study has
revealed that oxidation reaction using CTAP do not
require solvent medium and can be achieved under
complete solvent free condition.
Additional material
Additional file 1: Characterization and fatty acid composition of
Blighia unijugata seed oil. Additional file 1 describes the
characterization and fatty acid composition of the seed oil of Blighia
unijugata.
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